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(57) Abstract 

The present invention discloses a measurement instniment incorporated in an IBM PC environment which is capable of interpreting 
the measurements made or sampled so as to provide a predictive or diagnostic conclusion. A classificadon procedure is carried out on ail 
the measurements taken in a specific time period, an epoch, which can be as short as the measurement sample period. The classificadon 
procedure gives rise to the predictive or diagnostic capability. This procedure can also be used in a feedback control arrangement. 



h <WO_9606289A1 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the firont pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


AU 


Aiutraiia 


GE 


Georgia 


MW 


BB 


Barbados 


GN 


Guinea 


NE 


BE 


Belgium 


GR 


Greece 


NL 


BF 


Burkiiu Faso 


HI) 


Hungary 


NO 


BG 


Bulgaria 


IE 


Ireland 


NZ 


ai 


Benin 


rr 


Italy 


PL 


BR 


Brazil 


JP 


Japan 


PT 


BY 


Belarus 


KE 


Kenya 


RO 


CA 


Canada 


KG 


Kyrgystan 


RU 


CF 


Central A6ican Republic 


KP 


Demoaatic People's Republic 


SD 


CG 


Congo 




of Korea 


SE 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


CI 


C6te d'lvoire 


KZ 


Kazalcbstan 


SK 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


CN 


Cbtna 


LK 


Sri Lanka 


TD 


CS 


Czecboalovalda 


LU 


Luxembourg 


TG 


CZ 


Czech RepubUc 


LV 


Latvia 


TJ 


DE 


Germany 


MC 


Monaco 


TT 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


ES 


Spain 


MG 


Madagascar 


US 


n 


Rnlaod 


ML 


Mali 


UZ 


FR 




MN 


Mongolia 


VN 


GA 


Gabon 









Mauritania 

Malawi 

Niga 

Netherlands 

Norway 

New 7^J>^^ lpl^ 

Poland 

Portugal 

Romania 

Russian FedsatioD 

Sudan 

Sweden 

Slovenia 

Slovakia 

Senegal 

Chad 

Togo 

Tajikistan 

Ttinidad and Tobago 
Ukraine 

United States of Amehca 

Uzbekistan 

Viet Nam 



BNSOOCID: <W0 96062S9A1J_> 



wo 95/06289 




PCT/AU94/00502 



• 1 - 



INTERPRETIVE MEASURFMFNT INSTRUMENT 
The present invention relates to scientific instruments and, in 
particular, to an interpretive measurement instrument which enables 
various measurements to be taken and the results interpreted to provide a 
5 diagnostic or predictive conclusion. 
BACKGROUND ART 

In many fields of activity having a scientific basis, scientific 
instruments are used to analyse, record, and monitor the outputs of 
various devices. Such devices include strain gauges, electro-cardiograph 

10 (ECG) devices, microphones, and pressure, temperature, flow rate and like 
transducers. Accordingly, such scientific instruments are used In civil 
engineering, electrical engineering, acoustics, hydraulic engineering, 
chemical processes, bio-medical engineering and soon. 

A wide range of such scientific Instruments are generally required 

15 In order to undertake desired measurements. Such instruments include 
generators for various wave-forms (such as sine, square, ramp, and 
triangle); signal processing devices such as differentiators. 
Integrators, filters, multipliers, and so on; analysers such as that 
required to carry out the Fast Fourier Transform, and various recording 

20 devices such as a chart recorder, a data logger, a cathode ray 
oscilloscope or a transient recorder. 

Alternatively, the desired measurements can be undertaken utilising 
a scientific Instrument emulator as disclosed In the specification of 
PCT/AU 92/00076 assigned to the present applicant (but unpublished as of 

25 the priority date of the present application). The disclosure of that 
specification ultimately published under No. NO 92/15959 1s hereby 
Incorporated by cross-reference. 

The present invention is concerned with the assessing or 
Interpreting of the data which results from such measurements and. in the 

30 described embodiments, discloses a means whereby various parameters 

measured in the course of taking the measurements, can be interpreted to 
provide a diagnostic or predictive conclusion. 
SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention there Is 
35 disclosed an interpretive measurement Instrument comprising computer 
means including a memory means and at least two processors, an input 
analogue to digital conversion means having a plurality of analogue 
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signal inputs each with digitising means connected thereto and forming a 
corresponding digital output, signal routing means connected to said 
digital outputs to convey the data thereon to said memory means, and a 
classification program stored in said memory means and operable on said 
5 conveyed data to calculate an interpretive conclusion based on said 
conveyed data. 

According to another aspect of the present invention there is 
disclosed a method of calculating an interpretive conclusion from a 
measured set of parameters using the above described interpretive 
10 measurement instrument, said method comprising the steps of:- 

1. forming a collection of previous .measurement data each comprising a 
set of said parameters measured at a particular time, 

2. allocating a result to each of said sets in said collection, 

3. creating a classification procedure using said collection and 
15 storing same in the Instrument memory, 

4. measuring a further set of said parameters, and 

5. applying said classification procedure to said further set to 
generate said interpretive conclusion. 

DESCRIPTION OF THE DRAWINGS 
20 Three embodiments of the present invention will now be described 

with reference to the drawings in which: 

Fig. 1 duplicates Fig. 1 of the above mentioned PCT specification 
and illustrates a schematic block diagram of the hardware modifications 
required to an IBM PC, 
25 Fig. 2 duplicates Fig. 2 of the above mentioned PCT specification 

and is a block diagram of the analog module of Fig. 1, 

Fig. 3 is similar to Fig. 6 of the above mentioned PCT 
specification and is a screen display listing the icons representing 
various instrumentation units. 
30 Fig. 4 Is a block diagram of the circuit array used to both obtain 

and interpret the desired measurement data, 

Fig, 5 shows a modification to the arrangement of Fig. 4 in order 
to cater for additional parameters to be measured, 

Fig, 6 is a block diagram similar to Fig. 4 but of a circuit array 
35 of a second embodiment which uses the ID3 algorithm to classify numbers, 
Fig. 7 is a reproduction of a screen display resulting from the use 
of the emulated circuit of Fig. 6. 
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Fig. 8 is a schematic arrangement of a feedback system using a 
neural network to maintain substantially constant the temperature of a 
kiln which receives articles for firing at irregular time intervals, 
Fig. 9 is a block diagram similar to Figs. 4 and 6 but of an 
5 emulated feedback circuit to control the kiln of Fig. 8, and 

Fig. 10 is a schematic representation of the neural network 
represented by the icon NN of Fig. 9. 
DETAILED DESCRIPTION 

The first embodiment of the present invention will be described in 
10 relation to the maintenance of electric motors, for example those used in 
electric trains. It is to be understood that the following example is 
illustrative of the principles of the invention only. 

In conducting a, say, weekly maintenance check during a routine 
service, certain parameters of each motor are measured and recorded to 
15 provide a set of parameters which indicate the state of the particular 
motor at the particular time. Hitherto these parameters have been 
interpreted by an expert skilled in the maintenance of electric motors 
who must determine whether or not certain parts should be replaced. The 
dilemma faced by the expert is essentially one of cost which must be 
20 balanced against safety and/or inconvenience. If parts are replaced or 
repaired but do not need this action, the cost of maintaining the 
electric motors is unnecessarily high. If. however, parts that should 
have been replaced or repaired are not replaced or repaired and 
subsequently fail, then this failure will cause inconvenience, additional 
25 expense, and possibly even an accident. 

The set of parameters measured for each motor at each weekly 
service is as follows: 

1. Peak Stator current during acceleration (SiMax) 

2. Peak Rotor current during acceleration (RiMax) 

30 3. Peak audible noise in dB measured during acceleration (AMax) 

4. Average vibratition acceleration on motor chassis measured 
using an accelerometer (ChAvg) 

5. The change in parameter 1 since the motor was last replaced 
(SiAlt) 

35 The measurement is preferably carried out using the apparatus of 

the above mentioned PCT specification which, as illustrated in Fig. 1, is 
able to be totally enclosed within the case 1 of a conventional IBM 
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(Registered Trade Mark) Personal Computer having an ISA or EISA bus based 
on the original IBM AT. Located within the case 1 are the usual 
components of a central processing unit (CPU) 2, memory 3 and 8MHz bus 4. 
Located within a spare inch floppy disc nacelle Is an 

5 analogue module 6 onto which are mounted dedicated input plugs 7, 
dedicated output plugs 8, and general input/output lines 5 for 
amplifiers, frequency counters, sample clock synchronising, digital 
Inputs and the like. 

Located on the bus 4 are four slots for printed circuit boards 9. 

10 The four PC boards 9 are indicated A, B, C and D respectively. The three 
adjacent PCB's A to C inclusive are respectively a master PCB, a slave 
PCB and a video PCB. The video PCB in turn drives a known VGA printed 
circuit board D which can provide, for example, 1024 x 780 resolution In 
256 colours. This PC board D is directly connected to the video display 

15 screen 10. 

Within the analogue module 6 are located the following system 
resources: 

1 FOUR Isolated (optional) analog i/p channels. Each channel 
has programmable 9-120dB gain (3 micro volts resolution @ signal to noise 

20 ratio of one), programmable anti-alias filtering and an ADC conversion of 
12 bit resolution. Each channel can be AC or DC coupled with long AC 
coupling time constants (2 minutes) and has independent controls of AC or 
DC offsets which can be controlled from the runtime screens. The 
sampling rate can be 15 KHz per channel (depending on the project 

25 processing load) and the number of analog modules attached to the same 
slave processor card. The inputs are isolated to 3.5KV RMS continuous. 

2 TWO analog outputs with a voltage range of +/-10 Volts and a 
current capacity of +/- 100mA. These can be used for strain gauge 
biasing (AC or DC driven), control outputs etc. 

30 3 FOUR selectable high level analogue outputs, one from each of 

the amplifiers above. These drive digital FM tape recorders to store 
rarely occurring events for replay Into the processor (2). 

OR 

FOUR selectable high level inputs to each of the amplifier 
35 channels above. The system Is switched into this mode for replay of 
events captured in output mode on tape. 

4 EIGHT bits of ground referenced digital input. 
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5 EIGHT bits of digital output which can be used for relay 
drivers or event indicators. 

6 ONE frequency generator output (clock generator) 0-2 MHz 0.1% 
accuracy. 



8 ONE 5 Volt reference lOOmA +/- 5%. (For strain gauges etc.) 

9 ONE sample clock output reference line for synchronising 
sampling between multiple scientific instrument emulators of the 
preferred embodiment. 

10 10 ONE sample clock input reference line for synchronising 

sampling from a "master" scientific instrument emulator (for use with 
"slave" emulators) , and 

1 1 FIVE ground wires . 

The analogue module 6 and PC boards 9 are each Interconnected by 

15 means of different subsidiary buses 11, 12, 13 and 14 respectively. 

As seen In Fig. 2, the analogue module 6 of Fig. 1 Is provided with 
four analogue input/output connectors 20. four analogue inputs 21, two 
analogue outputs 22, a frequency output counter input 23, a clock output 
24, an 8 bit digital input 25, an 8 bit digital output 26, a five volt 

20 reference voltage 27 and a slave synchronizing output 28. 

Each of the analogue inputs 21 Is connected via a front end 
amplifier 31 to an isolator 32, the output of which is connected to a 
relay 33. The relay 33 is also connected to the analogue input/output 
connectors 20 and to an amplifier 34 which has programmable gain, AC/DC 

25 coupling, provision for an AC corner and DC offset. The output of the 
amplifier 34 is in turn passed to a sample and hold circuit 35 the output 
of which is received by an analogue multiplexer 35. The output of the 
multiplexer 36 is passed via an A/D converter 37 to the subsidiary bus 11 
which connects the analogue modules 6 and the PC board 9B. 

30 The operation of the amplifiers 34 and the sample and hold circuits 

35 is controlled by a digital controller, address decoder and A/D-D/A 
sequencer 39 which receives both data from the bus 11 and also sample 
clock and sequencer clock signals. The controller/decoder/sequencer 39 
also outputs via D/A converters 40 to the analogue outputs 22 via an 

35 output ampl if ier 41 . 

The frequency counter input 23 and clock output 24 respectively 
directly communicate with a counter 42 which again communicates directly 
with the subsidiary bus 11. 



5 



ONE event counter/frequency counter. Input O.lHz-SMHz. 
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Each of the digital inputs 25, digital outputs 26, reference 
voltage 27 and slave synchronizing output 28 is connected to a digital 
input/output circuit 43 which is In turn directly connected to the 
subsidiary bus 11 . 

5 The timing arrangements of the circuit Illustrated in Fig. 2 are 

divided into two sequences. The first sequence concerns the digital 
input and output. When required by the program, this digital input and 
output is effected by individual commands from a substantially 
conventional data acquisition controller which forms part of the slave 

10 processor on PCB 9B (Fig, 1). 

The second sequence is the flow qf digital data converted from the 
analogue inputs, or to be converted to provide the analog outputs. This 
digital data is received and despatched under the control of the 
controller/decoder/sequencer 39 which can be preset to operate the 

15 required number of incoming and outgoing analogue channels. The 

controller/decoder/sequencer 39 performs one complete cycle of inputting 
and outputting, or sequence, every sample period and does so with minimal 
processor involvement, thus increasing the speed of operation of the data 
acquisition controller referred to above on the slave processor of PCB 9B. 

20 Other functions of the circuit of Fig. 2. such as the frequency to 

be output as the clock output 24. the "range" of the frequency to be 
counted by the frequency counter input 23, and any synchronisation signal 
required for the slave synchronising signal 28, are set up at the start 
of the execution of the graphical compiler program by appropriately 

25 specifying the corresponding Icon. 

Utilising the various Icons indicated in Fig. 3, an array as 
Illustrated in Fig. 4 is created in accordance with the principles 
described in the above mentioned PCT specification. Once the array has 
been interconnected to the satisfaction both of the operator and the 

30 set-up program used during this phase, a compiler program is then run 
which compiles from the graphical representation of the array the 
executable object code which executes the overall signal processing 
function for the entire array. As a consequence, when, in real time, the 
input signal is applied to the array, the Incoming slgnal(s) is/are 

35 manipulated and the one or more outputs of the array are indicated In 
real time on the video windows able to be displayed on the screen 10, 
stored to disc, and so on. 
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It win be apparent to those skilled in the electronic arts that 
the above described array emulates an electric circuit having four Inputs 
each connected via a corresponding one of four isolating amplifiers 
lOlA-lOlD. These correspond to the first four parameters referred to 

5 above to be measured. An acceleration switch 102 Is provided to trigger 
the measurement of stator current, rotor current and audible noise. In 
order to provide peak measurements, a latching arrangement. In the form 
of a sample and hold circuit 103 and logic gate 104, is provided for each 
of these outputs. The peak output is then passed to a corresponding 

10 Input of a multiplexer 105. The output of the accel erometer is averaged 
utilising a low pass filter formed from an integrater 106 placed in a 
feed back loop. Again the output is passed to the multiplexer 105. 

The multiplexer 105 is triggered from the square wave voltage 
controlled oscillator 107 to form a vector at the end of the epoch. Thus 

15 the period of the output of oscillator 107 determines the length of the 
epoch. When the trigger occurs, the values on each of the five inputs to 
the multiplexer 105 are clocked through on the next occurring sequential 
five sample periods. The trigger is delayed by the same five clock 
periods . 

20 The data on the various lines can be regarded as forming a data 

vector. In the initial release of the machine described in the above 
mentioned patent application, the data vector Is formed from the data 
available on the first line at a first sample time, the data available on 
the second data line at a second sample period, and so on. This accounts 

25 for the above described delayed triggering arrangements. 

However, in a later release of the machine having an Improved speed 
performance. It is possible for the data on all, say, five Inputs or 
lines to be simultaneously clocked through. Thus under these 
circumstances the data vector constitutes all the data available at each 

30 sample period. It 1s therefore possible to carry out a classification 
for each sample period rather than each sequence of sample periods. 

As indicated In Fig. 5, If additional parameters are required, then 
one or more further multiplexers 105A, etc can be provided in a cascade 
connection. Here, the value on the topmost Input of multiplexer 105A is 

35 directed straight through to the output of the multiplexer 105A. This 
arrangement allows the multiplexers 105 and 105A to be cascaded to form a 
data stream with values of the different parameters clocked through on 
successive sample periods. 
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As seen in Fig. 4, the multiplexer 105 inputs to an ID3 icon 108. 
This is able to be set into two different modes. In the first mode data 
is collected and in the second mode a decision tree algorithm created by 
the ID3 algorithm is run. 
5 With the ID3 icon 108 set into the data collection mode, the 

results of tests conducted at various dates for various motors can be 
collected. The results are illustrated in the following table. 

TABLE 1 



Test 


Si Max 


RiMax 


AMax . 


ChAvg 


SiAlt 


Classification 


DD/MH/YY,#n 


Amps 


Amps 


dB 


2 

m/sec 


Amps 




27/01 /92,#1 


120 


25 


100 


23 




No Failure 


27/01/92,#2 


111 


26 


110 


10 




No Failure 


28/01/92,#3 


130 


30 


105 


30 


10 


Rotor Jammed 


etc 



The first column in Table 1 is simply the date of the test and the 
25 number of the motor tested. The next five columns are the results of the 
five parameters and the final column is a classification which indicates 
the historical outcome. Typical classifications for this column are as 



fol lows: 




1. 


Replace entire Motor 


2. 


Rewind Stator 


3. 


Replace Rotor 


4. 


Do nothing. 


This 


classification can be arrived at in either one of three ways 



Firstly, the action of the above mentioned expert and the instructions he 
35 issued on the basis of the measured parameters could be used as the basis 
for the classification. This will generate a decision tree or other 
classification procedure (to be explained hereafter) that will replicate 
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the experience of this expert. This method has the advantage that it 
does not require any procedural changes to allow data to be collected. A 
major disadvantage, however, is that the result derived from the data 
will never be any better than the human expert. 



out during the previous week could be used to determine the 
classification. If a certain part of the motor fails during normal 
operation, then the type of failure is attributed as the classification 
of the data collected for that particular motor on the previous 

10 maintenance measurement. This has the advantage of allowing the decision 
tree procedure to account for any mistakes made by the expert. It has a 
definite disadvantage, however, in that it is preferable for no 
maintenance to be carried out on the motors during the period between 
measurements. If a motor Is repaired, then the number of examples of 

15 failures associated with a particular measured parameter, may be missed 
as It is unknown as to whether or not the suspect part would have 
failed. Not repairing the motors, however, could cause safety problems. 
The types of classifications generated with this alternative method can 
be as follows: 

20 1 . Motor burnt out 



25 above. Effectively this adds a correction to the expert's 

classifications due to known outcomes. 

Irrespective of the classification method used, a collection of 

historical results and the corresponding classifications as Indicated In 

Table 1 above, Is available. 
30 A decision tree procedure is then applied to the historical results 

in order to build a decision tree. A typical resulting decision tree Is 

as fol lows : 



5 



Alternatively, the historical outcome of the maintenance carried 



2. Rotor jammed 

3. Stator insulation failed 

4. No f a1 1 ures . 

A third classification method is to use both the methods outlined 



35 
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Is SiAlt greater than or equal to 10? 
yes I no 

I 

Is RiMax greater than 35? 

I yes I no 

I I 

I No failure expected 

! 

Is AMax greater than 120 
I yes I no 

I I •. 

I No failure expected 

Rotor will jam 

greater than 128? 
yes I no 

1 

Is ChAvg greater than 28? 
I yes I no 

I 1 

1 No failure expected 

I 

Motor win burn out 
25 Motor will burn out. 

Once the decision tree has been produced, this Is then stored in 
Implementable form In the computer memory. It is then possible to switch 
the ID3 icon 108 into the second of its two modes. Under these 

30 circumstances, when a set of measurements is next undertaken for a 
particular motor, the measured values are conveyed via the multiplexer 
105 to the ID3 icon 108. The ID3 icon 108 then applies the decision tree 
to the resulting data and arrives at a result, such as "no failure will 
occur", or "the rotor will jam", which is predictive of the expected 

35 outcome based upon the historical accumulation of knowledge which is 
expressed in the decision tree. Based upon the result obtained from 
applying the decision tree to historical data not used in building the 



10 



15 Is SiMa 



20 
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tree, a confidence level can be calculated or ascribed to a particular 
outcome. This enables an insurance company to have a numerical basis by 
means of which the risk of plant failure can be determined. This results 
in the potential for lower insurance premiums. 

5 The ID3 icon 108 is realised in terms of software since it would be 

inpractically expensive to purchase, and interconnect, hardware gates 
which duplicated this program function. Set out in Annexure I to this 
specification is an outline of the entropy calculation used for selecting 
decisions in the decision tree building program. The ID3 algorithm is 

10 itself known per se from Quinlan Jr. INDUCTION OF DECISION TREES. 
Machine Learning 1(1) pp81-105, 1986. 

The ID3 algorithm is based on the well publicised algorithm for 
calculating the entropy, or disorder. H within a system with two outcomes 
and "n" classifications: 

15 

n n 
H = W^Z - p^(i) log2 p^(i) + - P2(i) log2 P2(i) 
1=0 1=0 

20 

where 



25 = N^/(N^ + H^) and = N2/(N^ + N^) 

= number of examples In outcome 1 
30 = number of examples in outcome 2 
n = number of classes 

P^(i) = number of examples in class 1 with outcome 1 divided by the 
35 total number of examples in class 1 

P2<i> is as for P^(i) but for outcome 2 rather than outcome 1 
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This calculation Is known to work well in noisy environments. The 
tree building procedure uses the above formula to trial numerous possible 
decisions. The decision which decreases the entropy to the greatest 
extent is chosen. The examples are then divided on this decision and two 
5 new decisions are then found to further break the example sets down. 
This process is continued until either an entropy of zero is reached or 
no decision can be found that will result in a further reduction in 
entropy. 

Set out in Annexure II to this specification is a program listing 

10 which Is illustrative of the procedures carried out when the ID3 icon is 
switched to its decision tree run mode. 

Included within the disclosure of the present application is the 
use of the C4 procedure (known per se) to prune or otherwise refine the 
decision tree created utilising the ID3 procedure. 

15 It will be apparent that the above described arrangement provides 

an enormous benefit. This Is that the one device is used both to collect 
the data used to derive the decision making tree, and to collect the data 
on the basis of which the interpretive decision is to be made. As a 
consequence, all systemic sources of error are eliminated since both 

20 types of data are collected in the same environment. 

Therefore a prior problem which had always existed: namely the 
problem of possible, and indeed probable, conditioning of the historical 
data of the example set, not being the same as the conditioning of the 
data of the measurement. Is overcome. Such conditioning of data can 

25 arise as a result of various mechanisms such as filtering, timing, 
sampling, triggering and so on. 

Indeed, not only is a discrepancy between the historical data and 
the actual measurement data avoided by using the same machine (the 
scientific Instrument emulator) to collect the data and to conduct the 

30 measurement, but also any variations of the above type amongst the 
historical data set itself are also eliminated. 

This uniformity of data capture and measurement is guaranteed 
because the array can stored within the machine memory and thus the array 
itself, the settings of any icons requiring settings, and like 

35 information is able to be stored in the same memory record as the data 
itself. The preferred mechanism for this data storage is for the program 
to specify new entries in prior art data bases known per se such as VBX, 
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OLE, dBase, Paradox and Retrieve (Trade Marks). This can be done "in 
background" without requiring any specific action by the user. As a 
consequence any difference between measurements take on one occasion and 
measurements taken on another occasion can be eliminated. 
5 Further, the implementation of the interpretative measurement can 

be regarded as involving two or more of the following phases: 

(A) acquisition of example data at one or more earlier time periods 
termed "epochs", 

(B) the application of the classification system to build up the 

10 "expertise" inherent in the classification procedure which is ultimately 
derived from the historical data, and ^ 

(C) the taking of a predictive measurement by applying the 
classification procedure in real time to data being acquired in the 
source of the measurement procedure. 

15 Because phases A and C above take place in the same circuit array 

and thus have the same connectivity and operate in a repeatable fashion, 
the above described advantage of elimination of systemic error from both 
the historical data and the current measurement is able to be achieved. 
Furthermore, another advantage is also able to be achieved. This 

20 is that each measurement taken can be used to add a further data result 
to the existing set of historical data. This means that use of the 
machine to make predictive or interpretive measurements is able to add to 
the experience of the machine. Such processing activities can be 
performed on either currently measured or previously stored data and 

25 interpretations provided in real time (i.e. before the next epoch). 
Such a process is essential to machine learning. The machine 
architecture as described enables this process to be carried out. 

Similarly, the classification expertise within the machine is 
available for application or modification whilst a new measurement is 

30 being undertaken and data recorded and without interrupting that data 
acquisition. In the first instance the classification system is applied 
to the newly collected data. This is phase C in operation. However, the 
newly acquired data can also be used to modify the existing 
classification procedure based on the addition data measured and from 

35 that time the modified classification procedure can be used. This use 
can be either in respect of new data (phase C) or in respect of the 
latest data used to modify the classification procedure (phases B and C 
1 n sequence) . 
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Referring now to the second embodiment to be described in relation 
to Fig. 6 and 7. this embodiment relates to a circuit to classify numbers 
into four classes based upon the magnitude of the number. If the number 
has a magnitude only of units, then it is classified In class 1. If the 

5 magnitude is in the tens, then it is classified as class 2, If the 
magnitude is in the range of hundreds, then it is classified as class 3 
and finally if the magnitude is In the range of thousands then it is 
classified as class 4. Clearly the range of numbers is limited to four 
digit numbers in this embodiment. 

10 The classifying circuit 200 Is emulated by the array or block 

diagram illustrated In Fig. 6. The numbers themselves are generated by 
means of four white noise generators 201 which each consist of a pseudo 
random number generator the output of which is coupled to a limlter 202 
in the case of the digits representing thousands, hundreds and tens. 

15 Since each of the white noise generators 201 has a mean value of zero 
averaged over a long period of time, the white noise generator 201 for 
the units is connected to an offsetting voltage generator 203 to give a 
value which Is centred about the magnitude 5. 

The output from each of the number generators Is passed in two 

20 directions. In the first "horizontal" direction the output is passed 
through a sample and hold circuit 205 and thence to a numeric display 
206. The four numeric displays 206 have an output which is Indicated In 
Fig. 7 as A. B, C and D respectively with the display A representing the 
thousands and the display D representing the units. 

25 The outputs from the sample and holds circuits 205 are also 

connected as inputs to a multiplexer 207 the output of which is operated 
upon by the ID3 classifier 208. The result of the ID3 classification is 
both displayed In a numeric display 209 (labelled "ID3class" in Fig. 7). 
In addition, the output of the ID3 classifier 208 Is also displayed by 

30 means of a visual display 210 which constitutes the graphical output of 
Fig, 7. 

Appearing above the white noise generators 201 in Fig. 6 is a 
timing and counting circuit which determines the rate at which 
measurements are taken and also determines the epoch or period of time 
35 over which the accumulation of parameters occurs. Essentially this 
circuit comprises a variable frequency square wave generator 212, a 
triggering circuit 213 and a counter 214. The output of the counter 214 
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is used as a triggering signal throughout the circuit in order to ensure 
synchronism. The maximum count permitted by the counter 214 is able to 
be determined via a check box input 215. This determines the length of 
the epoch which can vary in different applications between one sample and 

5 a large number of samples. Such an Input enables non-acquired data to be 
entered in order to be utilised In the classification procedure. Such 
non-acquired or non-measured data can include a patient's age. gender, 
skin colour, geographic residence, nominal voltage, nominal frequency of 
a mains supply voltage, type of machine, age of machine, lubrication 

10 grade, and the like. 

The output from the number generator is also passed "vertically" 
into a logic network 218 which by means of various logic gates calculates 
a control or check classification against which the classification 
generated by the ID3 classifier 208 can be compared. The result of the 

15 classification calculated by the logic network 218 appears at the numeric 
display 219. This control result appears in the box headed "ID3class" in 
Fig. 7. 

The classification as determined by the logic network 218 and the 
classification as determined by the ID3 classifier 208 are each input 

20 into a comparator circuit 220 in order to enable an error to be 

calculated and displayed in numerical display 221. This display appears 
under the heading "Errors" in Fig. 7. In addition, by means of a counter 
222, a total number of examples is able to be displayed in numeric 
display 223 and a percentage error is also able to be counted and 

25 displayed In numeric display 224. 

The results of operation of the circuit of Fig. 6 are illustrated 
In Fig. 7. The graph represents the output of the visual display 210 
which appears as the level 3 given at the left hand side of the trace of 
the graph of Fig. 7. The four consecutive previous samples produce the 

30 results of 1, 3. 0 and 2 respectively. 

The Information for the current sample is given In the boxes 
Immediately below the graph or trace. The sample is number 136 of a 
sequence of samples and the number generated for that particular sample, 
by the white noise generators 201 has the numerical value 205. It is 

35 correctly classified by the ID3 classifier 208 as being in class 3 (i.e. 
hundreds) and this is as indicated in Fig. 7. However, the 103 
classifier 208 is not completely error free and it will be seen in the 
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number of 136 samples or examples to date there have been five errors 
detected by the logic network 218 which gives a percentage error rate of 
3.67. 

Turning now to Figs. 8 to 10, a third embodiment of the present 
5 invention, in this instance incorporating a neural network rather than an 
ID3 decision tree will now be described. Here the classification 
procedure is used in a feedback network which is utilised to maintain 
essentially constant the temperature of a kiln 300 which receives for 
firing articles 301 which are transported into and out of the kiln 300 by 
10 means of a conveyor 302. Since the articles 301 are not regularly spaced 
on the conveyor 302, the heat demand of the kiln, and hence the kiln 
temperature, varies according to the spacing of the articles 301 on the 
conveyor 302. 

The kiln 300 has a gas fired burner 303 which is supplied by gas 
15 from a gas supply bottle 304 which is in turn replenished from a gas 
supply (not Illustrated) by means of an inlet valve 305 which is either 
open or closed. The inlet valve 305 is typically a solenoid operated 
valve. 

The gas bottle 304 is supplied with a float arm 306 (illustrated in 

20 phantom) which operates a level indicator 307 which indicates the level L 
of liquefied gas within the gas bottle 304. This level L is to some 
extent dependent upon ambient temperature Tl which is indicated by a 
temperature sensor 308. The gas bottle is also provided with a pressure 
sensor 309 to indicate the pressure P. The pipe 310 which interconnects 

25 the gas bottle 304 and gas burner 303 includes a flow transducer 311 
which measures the rate of flow F of gas to the burner 303. The kiln 300 
is also provided with a temperature sensor 312 so as to provide a signal 
which is indicative of the temperature T2 of the kiln 300. The outputs 
of the various sensors and transducers are connected to the AMLAB 

30 (Registered Trade Mark) interpretive measurement instrument 313 which is 
used to both sense and control the electrical signal V which determines 
whether the inlet valve 305 is open or closed. 

Turning now to Fig. 9, a circuit emulation which produces the 
desired feedback results is illustrated in which an isolating amplifier 

35 315 is connected to each of the transducers 307, 308, 309, 311 and 312. 
A voltage reference source 316 is used to determine the temperature to 
which the kiln temperature is to be controlled. This voltage reference 
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is subtracted from the output of the temperature sensor 312 in order to 
provide a control signal as to whether the temperature of the kiln 300 
should be increased or decreased. The various electrical inputs are 
connected to a multiplexer 317, the output of which is connected to a 
5 neural network icon 318. The output of the neural network icon 318 is 
passed via a logic gate 319 to an input to the multiplexer 317. This 
signal completes the feedback path and is also digitised by means of 
quantizer 320 in order to provide an on-off signal to the inlet valve 
305. 

10 The neural network represented by the neural network icon 318 is 

schematically illustrated in Fig. 10 as a three layer perceptron, the 
representation being adapted from Hinton and Sejnowski (1987). The 
inputs to the neural network respectively consist of the kiln temperature 
T2 (or the difference between that temperature and its desired control 

15 figure), the flow rate F of the gas in the pipe 310 leading to the gas 
burner 303, the gas pressure P within the gas bottle 304, the level L of 
liquefied gas within the gas bottle 304, the ambient temperature Tl , and 
whether the inlet valve 305 is open. Each of these signals is weighted 
in accordance with a predetermined weighting W and the output of the 

20 neural network is a signal indicating whether the inlet valve 305 should 
be opened or closed. 

It will be apparent from the above description of the three 
embodiments that there are three circumstances in which the 
classification procedure is able to be applied. The first such 

25 circumstance is where it is possible to only have one outcome over a 

whole range of input data. For example, whether the train motor is to be 
replaced in accordance with the particular measurements taken of the 
motor characteristics. Under these circumstances, there is only one 
outcome and there is also only one data sample for each session. 

30 In the second circumstance there Is a s^et of conditions which 

initiates a sampling that extends over a certain time period. This gives 
rise to there being a single classification or example for each event. 
Examples include that the monitoring, say, every fifteen seconds of a 
continuous flow and deciding as a result of the monitoring if there is a 

35 flow or a blockage. A further example might include detecting whether a 
pump was still working and the presence or absence of cavitation in the 
liquid being pumped. If cavitation were detected then the pump power 
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would be reduced. A further example of this circumstance is the number 
magnitude detection carried out in the second embodiment. 

The third type of circumstance is where a classification in 
accordance with the classification procedure Is made in every sample 
5 period. In particular, this enables the classification procedure to be 
used in a control loop and the third embodiment exemplifies this 
circumstance. 

Although detailed embodiments of an ID3 classification procedure 
and a neural network classification procedure have been given, the 

10 present invention is equally applicable to other types of classification 
procedures which incorporate fuzzy logic, rule based expert systems, or 
logistic regression. All of these types of classification procedure are 
applicable in the continuous data stream environment in which the data 
collection, classification and Interpretive measurement are carried out. 

15 The above described embodiments exemplify two features of the 

present invention which substantially enhance its effectiveness as an 
interpretive instrument. These are as follows: 

1. Data of different types can be captured simultaneously. The data 
can be as diverse as colour, image amplitude, acidity (pH) or 

20 temperature. This can be easily achieved since all sensor Inputs are 
sampled simultaneously In a tightly coupled hardware architecture which 
involves no communication delays which would otherwise stagger the 
commencement and termination of epochs. Similarly, the display abilities 
of the Instrument are such that synchronous data is displayed at high 

25 refresh rates for synchronous epoch periods for selected sample sets. 
The selection of a sample set can be made at the commencement of the 
measurements taken to create the sample set. 

2. There are two processing regimes which determine the final output 
and are completed within a known and repeatable time period irrespective 

30 of the combination of input states. The first of these operates at the 
basic sample rate and enables the signal processing to be carried out. 
The second operates at the epoch rate, for example to run the 
classification procedure. In iterative control systems or diagnostic 
systems Incorporating the Interpretive measurement instrument, the 

35 classification procedure should occur sufficiently frequently for system 
stability. The epoch rate is normally slower than the sample rate. 
However, the epoch rate and the sample rate can be the same. This 
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applies especially with increasing example sets as occur in "machine 
learning" situations. 

Such an interpretive instrument is inherently expandable in its 
capabilites and a multiprocess or architecture as described is ideally 
5 suited for this since it is operable within an IBM PC environment, which 
is now the world's most widely used computing machine. 

The foregoing describes only some embodiments of the present 
invention and modifications, obvious to those skilled in the art, can be 
made thereto without departing from the scope of the present invention. 
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CLAIMS 

1. An Interpretive measurement instrument comprising computer 
means including a memory means and at least two processors, an input 
analogue to digital conversion means having a plurality of analogue 
signal inputs each with digitising means connected thereto and forming a 
corresponding digital output, signal routing means connected to said 
digital outputs to convey the data thereon to said memory means, and a 
classification program stored in said memory means and operable on said 
conveyed data to calculate an Interpretive conclusion based on said 
conveyed data. 

2. An instrument as claimed in. claim 1 wherein the classification 
program utilizes historical data stored in said memory and entered 
therein via said analogue signal inputs and signal routing means, and the 
same signal conditioning is utilized for data on which an interpretive 
measurement is to be performed, thereby substantially eliminating data 
conditioning errors. 

3. An Instrument as claimed in claim 2 wherein said memory means 
receives said conveyed data and supplements said historical data with 
same to thereby increase said historical data with each measurement taken. 

4. An Instrument as claimed In claim 3 wherein said 
classification program is modified by the cumulative historical data 
stored in said memory means. 

5. An Instrument as claimed in claim 3 or 4 wherein said memory 
means is divided into epoch portions and said conveyed data is allocated 
into different epoch portions of said memory means based upon the time or 
times during which said conveyed data was generated. 

6. An instrument as claimed in any one of claims 1-5 wherein said 
signal routing means comprises a multiplexer means to form a data vector 
having data Vdlues formed from data digitised by said digitising means on 
sequential samples . 

7. An instrument as claimed in any one of claims 1-5 wherein said 
signal routing means comprises a multiplexer means to form a data vector 
having data values formed from data digitised by said digitising means on 
simultaneous samples. 

8. An instrument as claimed in any one of claims 1-7 wherein said 
signal routing means includes non-measured data input means whereby data 
conveyed to said memory includes data not input via said analogue signal 
inputs . 
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9. An instrument as claimed in any one of claims 1-8 wherein said 
classification program is embedded in a feedback and/or control loop. 

10. An instrument as claimed in any one of claims 1-8 wherein said 
classification program is selected from the group consisting of ID3 
decision trees and neural networks. 

11. An instrument as claimed in any one of claims 1-9 wherein said 
classification program incorporates logic selected from the group 
consisting of fuzzy logic, rule based expert systems and logistic 
regression . 

12. An interpretive measuring instrument as claimed in any one of 
claims 1-12 and comprising the scientific instrument emulator as claimed 
in PCT/AU 92/00076. 

13. A method of calculating an interpretative conclusion from a 
measured set of parameters using an interpretive measurement instrument 
as defined in claim 1, said method comprising the steps of:- 

1. forming a collection of previous measurement data each comprising a 
set of said parameters measured at a particular time. 

2. allocating a result to each of said sets in said collection, 

3. creating a classification procedure using said collection and 
storing same In the instrument memory, 

4. measuring a further set of said parameters, and 

5. applying said classification procedure to said further set to 
generate said interpretive conclusion. 

14. A method as claimed in claim 13 wherein steps 1 and 5 are 
carried out on the same interpretive measuring instrument, thereby 
substantially eliminating data conditioning errors. 

15. A method as claimed in claim 14 wherein the further set of 
parameters measured in step 4 is added to the collection of previous 
measurement data formed in step 1. 

16. .A method as claimed in claim 15 including the steps of: 

6. modifying said classification procedure using said augmented 
collection, the modified classification procedure being stored in the 
instrument memory, and 

7. at a later time applying the modified classification procedure to 
said further set to generate a modified interpretive conclusion. 
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17. A method as claimed in any one of claims 13-16 wherein said 
collection of previous measurement data is divided into epoch portions 
based upon the time or times during which said previous measurement data 
was collected. 

18. A method as claimed in any one of claims 13-17 including the 
step of inputting non-measured data into said sets or further set of 
parameters. 

19. A method as claimed in any one of claims 13-18 wherein each 
said set of parameters comprises a data vector having data values formed 
from sequential or simultaneous samples. 

20. A method as claimed in any one of claims 13-19 wherein said 
classification procedures utilizes logic selected from the group 
consisting of ID3 decision trees, neural networks, fuzzy logic, rule 
based expert systems and logistic regression. 
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